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Abstract 

Object To provide a light control device with which display panel noise arising from 
the variability in LED lamp luminance characteristics is eliminated, and capable of 
adjusting the luminance of an entire display panel at once, and of appropriately 
adjusting contrast and chrominance. 

Constitution: A light control device 1 which receives the color signals R.G, B and 
sync signals SV and SH supplied to a CRT display section 3b, and, in sync with a 
dot clock Ddot, outputs address data ADi identifying each LED to an LED- 
comprised display panel 2, and gradation data D3i, specifying luminance data for 
each LED; [the device] is provided with a surface luminance control section 19, 
which receives surface luminance control data Dbr specifying the luminance of the 
) whole display panel and changes the gradation data output levels. 
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Claims 
Claim 1 

In a light control device which receives chrominance and sync signals output by an 
image generating device, and, in sync with a dot clock, outputs address data 
identifying each light emitting element and gradation data specifying luminance for 
each light emitting element to a display panel comprising multiple light emitting 
elements, the light control device is characterized in that it receives surface 
luminance regulation data specifying the luminance of the whole display panel and, 
based on this surface luminance regulation data, selects one of a number of 
correction curves previously stored in memory, correcting the aforementioned 
gradation data output levels by means of these correction curves. 

Claim 2. 

In a light control device which receives chrominance and sync signals output by an 
image generating device, and, in sync with a dot clock, outputs address data 
identifying each light emitting element and gradation data specifying luminance for 
each light emitting element to a display panel comprising multiple light emitting 
elements, the light control device is characterized by comprising an individual 
luminance correction section, which stores in a memory circuit chrominance 
characteristic data indicating the chrominance characteristics for each of the 
aforementioned light emitting elements and, based on this chrominance 
characteristic data, selects one of a number of correction curves previously stored 
in a memory circuit and corrects the aforementioned gradation data based on these 
correction curves. 

Claim 3 

The light control device according to Claim 1 , characterized in that the 
aforementioned surface luminance regulation section is provided with a rewritable 
) memory circuit for storing correction curves, and is connected to a correction curve 
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. . generating device; the correction curv generating device automatically generates 
multiple correction curves based on specified light control conditions. 

Claim 4 

The light control device according to Claim 2, characterized in that the 
aforementioned individual luminance correction section is provided with a rewritable 
memory circuit for storing the luminance characteristic data for each light emitting 
lement, automatically generating luminance characteristic data based on the 
results of a measurement of the luminance of each light emitting element using a 
light emitting element luminance measuring device, and downloading these 
luminance characteristic data to a memory circuit in the aforementioned individual 
luminance correction section. 

Claim 5 

The light control device according to Claim 2, characterized in that when multiple 
corrections are implemented having differing objectives, such as surface luminance 
regulation and individual luminance regulation, an overall light regulation is 
implemented by distributing correction circuits, which correct the aforementioned 
gradation data according to correction curves previously stored in accordance with 
objective, in multiple hierarchical levels as needed. 

Claim 6 

Any of the light control devices described in Claims 1 through 5 characterized in that 
the aforementioned light emitting element is an LED. 

Detailed Description of the Invention 
00Q1 

Industrial Field of Application 

The present invention relates to a light control device which outputs gradation data 
) to an LED display panel, etc.; in particular, it relates to a light control device which 
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outputs gradation data in which a luminance or other correction has been cam d 
out for each LED lamp. 

0002 
Prior Art 

The LED display panel is comprised of a combination of multiple dot matrix modules 
MOi comprising, for example, 16 x 16 pixels (Fig. 3); each pixel comprises, for 
example, 3 types of LED emitting the 3 primary colors. The LED light control device 
is a device for causing an image to be displayed on this LED display panel; it is a 
device which, in sync with a dot clock Ddot, outputs the gradation data Di specifying 
the luminance of each LED, and the address data ADi identifying which LED should 
be illuminated based on the relevant gradation data, to a dot matrix module MOi 
(see Fig. 13). At the same time, each dot matrix module MOi comprises, as shown 
in Fig. 14, a dedicated memory 31 which stores gradation data Di in sync with the 
dot clock Ddot, a pulse width conversion circuit 32 which outputs a pulse width 
modulation wave based on a dedicated memory 31 output data, an output circuit 33 
which supplies the pulse wave modulation (PWM) wave to the relevant LED lamp in 
response to the data readout timing from the dedicated memory 31 , and so forth. 
Fig. 13 depicts a circuit for one of the 3 primary colors (RGB); similar circuits are 
provided for the other 2 colors. 

0003. 

The pulse width conversion circuit 32 in Fig. 13 receives the Di output from the 
dedicated memory 31 and outputs a pulse width PWM wave in response to this 
value. Fig. 15 depicts an example of a PWM wave; shown here is a PWM wave in 
which the repeating frequency is fixed and only the pulse width changes. The output 
circuit 33 is a circuit which switches the connection relationship between the pulse 
width conversion circuit 32 and the LED lamps in response to data readout timing 
from the dedicated memory 31 ; the PWM wave is thus sequentially supplied to the 
relevant LED. The dot matrix module MOi shown in Fig. 14 is arranged such that 
) luminance correction in units of each module MOi can be effected by operation of a 
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knob, etc. This luminance correction includes a pulse width correction method in 
which a specified vale for the gradation data with respect to all the LED lamps (for 
example 16 x 16) within the module is added or subtracted, and a power supply 
correction method, in which a common drive voltage to the LED lamps within the 
module is variably adjusted. 

0004 

Problems the Invention Seeks to Resolve 

However, the aforementioned methods are no more than a uniform regulation per 
module unit; there are some cases in which display panel noise cannot be canceled 
even with luminance correction. That is, the reality is that there is some variability in 
the luminance characteristics (sensitivity) of each LED beyond what was present at 
the time of manufacturing, such that it is not possible to eliminate noise stemming 
from the variability in each lamp's luminance characteristics using a uniform 
luminance regulation per each module unit Also, there is no mechanism in 
conventional light control devices for adjusting the display luminance of an entire 
display panel at once, so that tf one wanted to adjust the luminance of an entire 
display panel in response to ambient brightness, etc., there was no alternative but 
to adjust the luminance of each of multiple dot matrix modules individually, which 
was extremely inconvenient Furthermore, with conventional display panels there 
was the additional inconvenience that contrast and chrominance regulation were not 
possible, and luminance regulation circuits had to be provided for each dot matrix 
module, which was wasteful from the standpoint of circuit configuration. The present 
invention was undertaken with these problems in mind, with the object of providing 
a light control device with which display panel noise stemming from variability in 
LED lamp luminance characteristics can be eliminated, luminance of the entire 
display panel can be adjusted at once, and contrast and chrominance control can 
be appropriately effected. 

0005 

Means for Resolving Problems 
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Invention of Claim 1 

In order to achieve the above-described objectives, the light control device 
according to Claim 1 is a light control device which receives chrominance and sync 
signals output by an image generating device, and, in sync with a dot clock, outputs 
address data identifying each light emitting element and gradation data specifying 
luminance for each light emitting element to a display panel comprising multiple light 
emitting elements, the light control device characteristically comprising a surface 
luminance adjustment section which receives surface luminance regulation data 
specifying the luminance of the whole display panel and, based on this surface 
luminance regulation data, selects one of a number of correction curves previously 
stored in memory, correcting the aforementioned gradation data output levels by 
means of these correction curves. 

Invention of Claim 2. 

Also, the light control device of Claim 2 is a light control device which receives 
chrominance and sync signals output by an image generating device, and, in sync 
with a dot clock, outputs address data identifying each light emitting element and 
gradation data specifying luminance for each light emitting element to a display 
panel comprising multiple light emitting elements, the light control device 
characteristically comprising an individual luminance correction section, which 
stores in a memory circuit chrominance characteristic data indicating the 
chrominance characteristics for each of the aforementioned light emitting elements 
and, based on this chrominance characteristic data, selects one of a number of 
correction curves previously stored in a memory circuit and corrects the. 
aforementioned gradation data based on these correction curves. 

Invention of Claims 3 and 4 

The surface luminance adjustment section and individual luminance correction 
section memory circuits correspond to ROM and RAM circuits in Claims 1 and 2, 
but a rewritable memory circuit is cited in the light control device of Claims 3 and 4. 
Also, the aforementioned surface luminance adjustment section is connected to the 
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correction curve generating device, and this correction curve generating device 
automatically generates the aforementioned multiple correction curves based on 
designated light control conditions, downloading these correction curves to the 
aforementioned surface luminance adjustment section memory. The correction 
curve generating device may be comprised of a computer system such as a 
personal computer. The aforementioned individual element luminance correction 
section can be connected to a light emitting element luminance measurement 
device; this light emitting element luminance measuring device measures the 
luminance of each light emitting element and downloads this luminance 
characteristic data to the aforementioned individual element luminance correction 
section memory. The light emitting element luminance measurement device may 
comprise a TV camera or luminance meter with a personal computer or other 
computer system. 

0008 
Operation 

The surface luminance regulation section receives surface luminance regulation 
data and, based on that value, changes the gradation data output level; it is capable 
of changing the luminance of the entire aforementioned display panel at once. The 
individual luminance correction section stores luminance characteristic data 
indicating the luminance characteristics of each light emitting element, and changes 
the gradation data output level based on this luminance characteristic data value, 
such that even if individual light emitting elements differ in luminance characteristics 
(sensitivity), gradation data generating the same image as the reference image can 
be output. The light emitting elements are not particularly limited, but the present 
invention is particularly effective with respect to LEDs, which have a large variability 
in luminance characteristics. 

0009 

Embodiments . 
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B low we shall explain the pres nt invention in further detail based on 
embodiments. 

Embodiment 1 

Figs. 1 and 2 depict the interconnections between the LED light control device of 
the present invention and other devices. The light control device 1 is connected to a 
display panel 2 and a personal computer 3 as shown in Fig. 2, such that the color 
screen created on the personal computer 3 is displayed on the display panel 2. The 
display panel 2 comprises n dot matrix modules M01 - Mon. The display section of 
each dot matrix module MOi is formed of 16 x~16 pixels (Fig. 3), and each pixel 
comprises 3 types of LED lamps, which emit red (R), green (G), and blue (B) light. 
In th present embodiment the LED display panel 2 dot count is set to be 320 
horizontal x 240 vertical (Fig. 4), such that the number n of dot matrix modules MO 
is 20 x 15 = 300. 

0010 

Each dot matrix module MOi comprises a personal computer 3 which stores the 
gradation data D3i from the light control device 1, a PWM wave generating circuit 5 
which generates a pulse width modulation (PWM) wave based on the memory 4 
data, and a output section 6 which sequentially supplies the PWM wave to each 
LED lamp. In Fig. 2, the circuit configuration for only one of the 3 primary colors is 
shown; the circuit configuration for the other 2 colors is similar. The personal 
computer 3 is formed of a 3ax and a 3bx; the 3bx has 640 horizontal x 480 vertical 
dot pixels (Fig. 4). Therefore in this embodiment 1/4th of the 3bx screen is 
reproduced on the display panel 2. 

0011 

The light control device 1 is a device in which the personal computer 3 receives an 
analog RGB signal and a horizontal sync signal SH and vertical sync signal SV, dot 
clock Ddot and address data AD1 , and gradation data D3i are output to the dot 
matrix modules M01 - MOn; circuit configuration is as shown in Fig. 5. Here the dot 
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clock Ddot is a frequency (approx. equal to 29 MHz) corresponding to the 3bx pixel 
count (640 x 480); address data ADi is the address information which specifies each 
3bx pixel. Th gradation data D3i is gradation data after all corrections have been 
mad ; each dot matrix module MOi LED lamp illuminates based on this corrected 
gradation data D3i. With respect to the 640 x 480 pixel count of the 3bx, the display 
panel 2 has a pixel count of 320 x 240, and therefore only 1/4 of the gradation data 
D3i output from the light control device 1 are stored in each dot matrix module MOi 
memory 4. 

0012 

As shown in Figs. 5 and 6, the light control device 1 comprises a CCD line sensor 7, 
and address data generating section 8, a color signal A/D conversion section 9, a 
luminance setting section 10, and surface luminance adjustment section 11, and a 
individual unit luminance correction section 12. In Fig. 5, only the circuit for the red 
(R) signal is depicted; similar circuits are provided forthe green (G) and blue (B) 
signals. The dot clock generating section 7 is a PLL circuit which receives a 
horizontal sync signal SH from the personal computer 3 and outputs the dot clock 
Ddot; it comprises a phase comparator 13, a low frequency filter 14, a voltage 
control oscillator 15, and a N-base counter 16 (Fig. 6). The dot clock Ddot, locked to 
the horizontal sync signal SH, is therefore output from the dot clock generating 
section 7. If we let the horizontal sync frequency SH be fH, then the dot clock Ddot 
frequency is N x fH, or approximately 29 MHz. 

0013 

The address data generating section 8 comprises a 640-base counter 8a and a 
480-base counter 8b (Fig. 6). The 640 base counter 8a is a circuit which is set by 
the horizontal sync frequency SH and counts up the dot clock Ddot, outputting 
address data from 0 to 639. At the same time, the 480-base counter 8b is a circuit 
which is set by the vertical sync frequency SV and counts up the address data from 
0 to 479. The color signal A/D conversion section 9 is a circuit which converts the 
) analog signal (the R signal here) output from the personal computer 3 to an 8 bit 
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digital signal; it operates using the above described dot clock Ddot as a sampling 
pulse. The luminance setting section 10 is a circuit which outputs a 3 bit luminance 
regulation signal Dbr in response to the value of regulation volume VR (Fig. 5). Th 
regulation volume VR is a volume whose purpose is the regulation of the luminance 
of the whole display panel 2; it changes the luminance of the whole LED panel in 
response to light surrounding the LED display panel during the day, evening , night, 
etc. To change the regulation volume VR, a light sensor may be provided, or the 
digital signal luminance regulation signal Dbr can be directly provided from outside 
the device. 

0014 

Th surface luminance adjustment section 1 1 comprises a delay circuit 1 7 with 
respect to the dot clock Ddot, a delay circuit 18 with respect to the address data 
ADi, and a surface luminance adjustment memory 19 (Fig. 5). The delay circuits 17 
and 18 are circuits which cause a delay in the dot clock Ddot and address data ADi 
signal transmission, taking into account the access time to the surface luminance 
adjustment memory 19. That is to say, a time skew of approximately several 10s of 
nS occurs between the gradation data D1i supplied to the surface luminance 
adjustment memory 19 and the post-correction gradation data D2i output from the 
surface luminance adjustment memory 19, and therefore a delay time equal to this 
is secured by the delay circuits 17 and 18. The surface luminance adjustment 
memory 19 is an 8 x 2048 bit (16 kbit) memory with 1 1 address bits (AO - A1 0) and 
8 data bits (DO - D7). The gradation data D1i from the color signal A/D conversion 
section 9 is supplied to the lower address 8 bits (AO - A7) and the luminance 
regulation signal Dbr from the luminance setting section 10, etc. is supplied to the 
upper address 3 bits (AA-8 - A10). The surface luminance adjustment memory 19 is 
therefore divided into 8 banks according to the value of the luminance regulation 
signal Dbr (Fig. 7); in other words the luminance regulation signal Dbr functions as a 
bank switching signal. 



0015 
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* As shown in Fig. 7, 256 data types implementing lines are stored in each of th 
surface luminance adjustment memory 19 banks. These correction lines become 
steeper as the memory bank [address] increases, such that the higher the 
Luminance regulation signal Dbr, the greater will be the change in width of the post- 
correction gradation data D2i output from the surface luminance adjustment 
memory 19. When the change width of the D2i ix large, the LED display panel 2 
luminance contrast will also be large, which is suitable when the area surrounding 
the display panel 2 is bright, as in daylight Conversely, when the lower memory 
banks are selected, the post-correction gradation data D2i change width will be 
small, which is suitable for dark conditions surrounding the display panel 2, such as 
at night. In Fig. 7, the case in which the contents of the surface luminance 
adjustment memory 19 increase linearly is shown as an example, but, as will be 
described below, it is also possible to make this increase curved (Fig. 12) to achieve 
special image effects. 

t 0016 

The individual unit luminance correction section 12 corrects the variability in 
luminance characteristics (sensitivity) of each of the 320 x 240 LED lamps (for a 
single color), while at the same time performing a gradient correction to match the 
luminance specified by the gradation data D2i with the luminance actually perceived 
by the human eye. It comprises a delay circuit 20 for the dot clock Ddot, a delay 
circuit 21 for the address data ADi, a delay circuit 23 for the gradient data D2i, a 
luminance characteristic data memory 22, and a gradient correction memory 24 
(Fig. 5) The delay circuit 23 matches the output timing of the gradient data D2i and 
the luminance characteristic data memory 22 output data Dsens. The delay circuit 
20 and the delay circuit 21 match the output timing of the gradient correction 
memory 24 output data D3i, the dot clock Ddot, and the address data ADi. 

0017 

The luminance characteristic data memory 22 stores the luminance charact ristics 
) for each of the 240 x 320 LED lamps which comprise the display panel 2 in 
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^ accordance with (0, 0) - (239, 31 9) address information. The LED lamp luminance 
characteristics vary somewhat from the beginning, and furth r change over time; 
the luminance of each LED lamp when illuminated under the sam driv conditions 
is sorted into 8 classes and stored. The LED lamp is then specified according to the 
address data ADi from the delay circuit 18, and the specified LED lamp luminance 
characteristic data Dsens is supplied to the upper address bits (A8 - A10) of the 
gradient correction memory 24. 

. 0018 

In order to match the luminance specified by the gradient data to the luminance 
actually perceived by the human eye, 8 correction curves of the non-linear type 
shown in Fig. 8 are stored in the gradient correction memory 24. Based on the 
correction curve 0 the with respect to the maximum sensitivity LED lamp, it is 
possible for example to generate other correction curves (1 - 7) by multiplying this 
correction curves 0 by a fixed multiplier. The luminance data Dsens is supplied to 
the gradient correction memory 24 upper address bits (A8 through A1 0) such that 
this luminance but characteristic data Dsens functions as a bank switching signal. 
At the same time, the gradient data D2i is supplied to the tower address bits (AO - 
A7), such that the gradient data D3i selected according to the gradient data D2i is 
output within the specific memory bank selected based on the luminance 
characteristics of each LED lamp. In other words, the output gradient data D3i is 
gradient data in which human sensory characteristics have been added together 
with the luminance characteristics of each LED lamp. 

0019 

Figure 9 explains the operation which occurs in the gradient correction memory 24; 
depicted is the case in which gradient data D2i = 100 is supplied to 2 LEDs of 
differing luminance characteristics. In the case of Fig. 9(a), the sensitivity 
(luminance charact ristics) of the relevant LED lamps is good, and therefore the 
gradient data D2i = 100 is gradient corrected to an output gradient data of D3i = 95. 
) In the case of Fig. 9(b), meanwhile, the relevant LED lamp sensitivity is poor, such 

614229.1 r 



that the gradient data D2i « 1 00 is strengthened when gradient corrected, and a 
gradient data D3i = 105 is output Gradient data is thus corrected in response to the 
luminance characteristics of each LED lamp, and therefore the 2 LED lamps are 
driven ad gradient data of 95 and 105, but have the same luminance regardless of 
their differing luminance characteristics. 

0020 

As xplained above, address data ADi corresponding to each pixel (640 x 480) of 
the 3ax, and gradient data D3i on which all types of correction have been 
implemented, are synchronized from the light control device 1 to the approximately 
29 MHz dot clock Ddot and output. Then, by means of the address data ADi, the 
relevant address module MOi and relevant address in memory 4 are selected, and 
gradient data D3i is sequentially stored. The gradient data D3i stored in the memory 
4 is added to the PWM wave generating circuit 5 to generate a PWM wave, and the 
generated PWM wave is supplied to each LED lamp through the output section 6. 
The RGB analog signal created in the personal computer 3 is thus added to the dot 
matrix module MO after A/D conversion and appropriate correction, such that the 
same color screen as appears on the 3ax is displayed on the display panel 2. In this 
case, gradient data Di is corrected to reflect the luminance characteristics of the 
LED lamps which comprise the display panel 2, so no [illeg] noise based on differing 
LED lamp luminance characteristics will appear. 

0021 

Embodiment 2 

In the above explanation of the LED light control device shown in Fig. 5, the surface 
luminance adjustment memory 19, the luminance characteristic data memory 22, 
and the gradient correction memory 24 are shown as ROM as an example, but each 
memory 19, 22, and 24 can also be comprised of RAM, with the stored contents 
th reof appropriately rewritten from an external source. Fig. 10 depicts an 
embodiment wherein each of the memories 19, 22, and 24 is comprised of RAM; 
) the interconnections between the light control device 1 , the display panel 2, the 
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personal computer 3, a personal computer 30, and a dedicated memory 31 are 
depicted. The personal computer 30 composes a luminance characteristic data fil 
based on the signal from the dedicated memory 31, which is sent as needed to the 
luminance characteristic data memory 22. Also, while sending the contents of a pre- 
composed data file to the surface luminance adjustment memory 1 9 and the 
gradient correction memory 24, the contents of the data file for the surface 
luminance adjustment memory 19 are revised as needed. Fig. 11 depicts the 
personal computer screen when correcting the data file for the surface luminance 
adjustment memory 19. A "display adjustment' column 32 and "RGB luminance 
adjustment' column 33 appear on the personal computer screen, and corrections 
can be made using the mouse cursor 34 or keyboard. 

0022 

The "display adjustment' column 32 is used to adjust the display panel 2 contrast. 
After setting the RAM data composing personal computer 30, changing the 
"brightness" column 32b level with a keyboard or other operation results in a data 
correction to change the slope of the Fig. 7 correction curve. In this case, the 
luminance adjustment data composed in the personal computer 30 is immediately 
sent to the surface luminance adjustment memory 19, such that the display panel 2 
brightness changes in response to operation of the personal computer 30, and 
adjustment is easily effected. The "reference correction pattern" column 32c 
numbers are indicate the Fig. 7 correction curve number here it is indicated that the 
personal computer 3 slope is adjusted. IN the display adjustment mode, meanwhile, 
changing the level of the "contrast' column 32a results in a change of the Fig. 7 
correction curve shape from the standard curve b shape shown in Fig. 12 to a high 
contrast curve a or low contrast curve c shape. When display panel 2 brightness 
and contrast adjustment is completed according to the above operation, the mouse 
cursor 34 is moved to the "set memory" column 32d and the luminance adjustment 
data fil contents are updated using the post-adjustment data. Adjustment in the 
pulse width conversion circuit 32 uniformly adjusts red (R), green (G), and blue (B), 
and the correction curve for each color is [also] uniformly adjusted. 
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' 0023 

In this regard, the "RGB luminance adjustment" column 33 is used to perform a 
luminance adjustment (white balance) on each color. After setting the RAM data 
composing personal computer 30 to the "RGB luminance adjustment" mode, 
changing the "brightness" column 33 levels 33R, 33G, 33B by keyboard or other 
operation causes data to be corrected so as to change the correction curve (Fig. 7) 
slope for the selected color. In this case as well, the luminance adjustment data 
composed in the personal computer 30 is immediately sent to the light control 
device 1 surface luminance adjustment memory 19, and therefore the tint of the 
display panel 2 changes in response to operation of the personal computer 30, 
making adjustment easy. The number which appears in the "mid-adjustment 
correction pattern number" column 33c indicates the Fig. 7 correction curve 
number. When adjustment is completed, the mouse cursor 34 is moved to the 
"settings memory" column 32d position, and the surface luminance adjustment data 
^ file contents are updated using the post-adjustment data. 

0024 

W continue with an explanation of the method for composing the luminance 
characteristic data file. First, the light control device 1 is appropriately operated so 
as to set up a state in which the post-A/D conversion RGB signal is output as is as 
the gradient data Di without any correction. Thereafter, the single color red is 
composed on the image composing personal computer 3 and a reference R signal 
is output at a specified level. After A/D conversion, this reference R signal is added 
with no correction whatsoever to the dot matrix module MO, such that a solid color 
screen with light and dark in accordance with the luminance characteristics of each 
LED lamp (red) is displayed on the display panel 2. In this state, the dedicated 
memory 31 is imaging the display panel 2 screen, and therefore the personal 
computer 30 analyzes the video signal from the dedicated memory 31 and 
luminance characteristic data is created for each LED lamp (red) and stored in a 
) luminance characteristic data file. 
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0025 

Next a single color green screen is prepared on the image creating personal 
computer 3, and a specified level reference G signal is output The personal 
computer 30 analyzes the image signal for the signal green color from the dedicated 
memory 31 and records the luminance characteristic for each LED lamp (green) In a 
luminance characteristic data file. The same is true for the LEDs which emit blue 
light; a single blue light is caused to be displayed on the display panel 2, the 
lightness and darkness thereof is analyzed by the personal computer 30, and a 
luminance characteristic data file is created. Data in the luminance characteristic 
data files created as described above are downloaded to the luminance 
characteristic data memory 22 at an appropriate timing. A TV camera was used in 
the above explanation, but a luminance meter could also be used. Also, we 
illuminated the 3 primary color LEDs simultaneously, but it would also be possible, 
for example, to illuminate the red LEDs one at a time, and then illuminate the green 
LEDs one at a time, and then Illuminate the blue LEDs one at a time. It would also 
be acceptable to illuminate all of the 3 primary color LED lamps simultaneously and 
create a luminance characteristic data file for each LED lamp. 

0026 

Effect of the Invention 

As explained above, the light control device according to the present invention 
comprises a surface luminance adjustment section and an individual element 
luminance correction section; it is capable of changing the luminance of the entire 
aforementioned display panel and of outputting gradation data which creates the 
same image as a reference image, regardless of differences in the luminance 
characteristic (sensitivity) of the individual light emitting elements. 

Brief Description of Figures 

Fig. 1 A diagram conceptually depicting the interconnections between the light 
control device of the present invention and other devices. 
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Fig. 2 A detailed diagram of the interconnections shown in Fig. 1. 

Fig 3 A diagram conceptually depicting the display panel constitution. 

Fig. 4 A diagram showing the size relationship between the display panel and the 

personal computer display screen. 

Fig. 5 An internal block diagram of the light control device depicted in Fig. 1. 

Fig. 6 A block diagram showing details of a portion of Fig. 5. 

Fig. 7 A diagram conceptually depicting the contents of the luminance adjustment 

memory. 

Fig. 8 A diagram of the content of the gradient correction memory. 

Fig. 9 An example of the operation of the gradient correction memory. 

Fig. 10 A diagram of the interconnection between the light control device and 

display panel, the image creation personal computer, the computer for RAM data 

creation, and the TV camera. 

Fig. 1 1 A diagram showing an example of the personal computer for RAM 
data creation. 

Fig. 1 2. A diagram illustrating the case in which the contents of the luminance 
adjustment memory are changed. 

Fig. 1 3 A diagram of the dot clock, address data, and gradient data 
op rational timing. 

Fig. 14 A figure illustrating a conventional circuit example with respect to the 
dot matrix module. 

Fig. 15. A diagram of the PWM wave waveform. 

Reference Numerals 

1 . Light control device 

2. Display panel 

3. Personal computer (image generating device) 

19. luminance adjustment memory (surface luminance adjustment section) 
22. Luminance characteristic data memory (individual unit luminance correction 
section) 

24. Gradient correction memory (individual element luminance correction section) 
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RGB: Color signals 
SV, SW: Sync signal 
ADi: Address data 
D3i: Gradient data 
Ddot: Dot clock 

Dbf: surface luminance adjustment data 
Ds ns: luminance characteristic data 



614229.1 



(19)0*B»W/f (J P) 02) & ffl # £fc $g (A) <U)MHIUtf*ll»* 

#W¥8- 106264 

(43)&WB ^8^(1996)4^230 

(51)Inta* . «HlfB# /5*rtfi3## PI 

G0 9G 3/20 K 4237-5H 

3/32 4237-5H 



Sfflftg m SI*H©«6 FD {£12 10 



(2i>mB## 


<MBPF«- 266281 


(71) (USA 


591085873 










(22) ARB 


^6^(1994)10^ 4 B 










(72)3SW# 
























.C72)*SW# 










j*6»*&ittBrafctfl0#l# iff«B# 














(72)$S9J# 










*fi«*A^SitWti»riO# 1 ^ iS«B* 














(74)ftJSA 


ffift Hit <*i«) 



(54) ismnzm v&mm 



(57) 

C R tmmU 3 b itafefi^-R G B 

?£/<*JW2lc**LT\ §LEDt#jet57KU^f- 
^ ADi t. LEDffl*W«ifc»JK*J8Se-r*®M^'- 
*D3i h*a-/?D«iot UPMHLTtfia-*- 



5 
< 



it 



Tl 



IT 



ao 



91 



£1 



Yl 



E-.iL 



5 U 



-1- 



imatm 2 ] B«&«««o{H:*rr.& 

iKrEH^ff £ * *JW«M*tt 9 Sr > * 

•JHttKCttLTiiB, i«)«ft4$ttT'-^J-36cfv>T 
HKI=E1l$ltTv»«inMI0l|jEAIIO^ 

[B#«3] ffiEM#ftWSa"4, MIEffl^iKtt-t 

lEtii&ikiSC&W. i: ftp £ *vc£ I) , 
CO?§iElfiiS£JSiSfltl4, JS^Sit^W**^*-*^* 

[»*«4] fl}E<B##*»IEfflW4, l»E$&tt##* 

0>nmim.r- 9 *Etrt- * *:*!>©#»xiirf6fc> * v 

iflrESfcfcttOlf ft £ fflfcf 4 S&7fc##*i»SgiS« i= * 
**E«WWMIj»«» * 'J Bit US'* >n- K** 

So 

*<r«3Si-4 J: ^ U Lfc w t Sr1$« t-f* W*« 1 i 

-r 1 lw#ji 5 ot»mai»uE«a<onjfe« 
«. 



(2) 1*58^8- 1 0 6 2 6 4 

2 

[0 0 0 1] 
(0 0 0 2] 

.[{£*<Ott«] LED£jjv<**<4, «x.lf 1 6X16 

ft T#J 9 (03) , #BS5(4, 
70 flxlf, =®feU&#+*3ttS<OL ED? 

S*iTv»«. LEDWIJfcKlttli, COLEDl*^ 
A'UBffc**jFS*4fc*0§SB-tNfe9, LED^>f 

*Di UH^»T9Mb1-'<&LED?>-/*#£-t'*r 

(01 3*.*) o #Kr F^M^^f 

a-*MOi It, B.HOi^i:, h*'S h'9V?9T> 
dot KHJHLTKHf'-^pi iEtti^ffl^tVS 

20 1 t, *am«>; 3 i«>a»r-*uaK^^T/«*^« 

gCW«S-W*-t-4^^«SE*@B3 2i:, *J§jt*>j 

«g:M (PWM) »*RSt4LED5>yi:i»t4 
tt*@B3 3 4^-e*JS?^TV»* 0 014I4, 
=/Sfe (RGB) feUow>TO®BSrB3JL 

ftTV»<& 0 

[00 03)914 <0/<^^«^Jft®tt 3 2 J4, 
*V 3 l*»6tU*?*t4|»WT'-^Di «:S»t, 
10 UitlSLfc/^^fiOPWMjSSrm^-rA. 01 514, 

ffi*0B3 3U, mm**') 3 l*fc*>T'-*£fliL* 
■ -f 3>^I=**I&LT, /^^<aSe«Hll&3 2 tLEDf 

>■7•^:o«aB^«*«j«x*lll&■e*•), pwM»it, 

JW^:, RSt4LED?>^i:M$K4ii»:i4. 
Sfc, 01 4i:ft Y-7Y % )9^Vs.-)VM0i 
14, o4A»f*>2:irUJ:or#*^A-;PMOi #fi<0 

iEU«4, ^a-A-fiOtLED?^-/ (Wxlfl 6X 
1 6) uit^^fSW-f-^icBrStt^JnilftJl:^-*^^ 
•BMiE^FStfc. *^*-A'l*JOLEDv>-7 , k*aoffi 

[0 0 0 4] 

[»W7»«»*LJ: ; >i:1-*»H] L*L&a**, ±E<0 
^UJ:*#ftHjE(4, -I'^ttoH— W^.IBI 

!SiZ«gr*v»WC, 'fct£»S1tiE<rLTt^<f* 
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3 

^ h«**fclMt*-*-* - i: 4 •?# *M3fe§IB£l&0tt- 
[0 0 0 5] 

[SBS«:*?i*-t 4 fc^O^g] 

[0 0 06] (»#*2 <0«W) W#*2 iZ&& 

•f-^«r^a«>^ J 6VI5lK»=ffiteL-CiJ»), 

»*, ^'<*A'K&^*fc£OB«*£fi8:"*"*£<ASS 
ST&O, fflx.!^ CRT&7jtt&«*«;i<S>'<v :3 va* 

[0 0 0 7] C«*# 3 , 4 OS&W) iS#ffiWfia5^fli 

ja3<»tt*ia4(ziffi*w*sniuJ3v»r»i, #*mABr 

fit4-** , JIiJf&#i*=1'*"*« WEB* . ; 



i|fR¥8- 1 0 6 2 6 4 

4 

> • -> X r- /. U J: oTflMt-f* -It 

MffiE»<o**>)®Rlzy+r>n- h'-ti iii: LTv* 

i0 [0 0 0 8] 

ifc, ffl##ffiMiE»rt, 
Z^tZOX. *'«ILt 

[0 0 0 9] 

tmi*mm hi, em** *«?!h:#4ledb* 

LEDCTftfcBl tLED^/^^2aO f /<ya^3 
tt, H2 0J:dU««S*LTiJ»K /fyavS-Cffe** 
tit: iJ 7 -BW**L E D^/**^ 2 *i* J: -5 

30 »r35roTv»4« L MU nflraK? 

h ^X-fyi-*MOi -MOn ?*ITV» 

^-L-C, ^K^^Mi^^'^-^MO. OS? 
TFffiti, 16X1 6fl<OB^^>^0 (03) , 
(±*fe (R) f&fe (G) Wfe (B) »C|Kfci-4 3tt«<0 
LED9>-/-C#«$*lTV»A„ SS, iOHftiOM 
«rj±LED«^/<*A'2<OB3RSH:Sr*3 2 0X«2 4 0 
Kyhfc-f*OT? (B4) . V * 
;WMO<OflBStn(i2 0X1 5 = 3 0 Oltii. 
[0 0 10] #Kvh7hV>^t^*-*MOi Mt, 

40 «*si«i3i»e.oKHT'-^D3i tBett^-*^* 1 ;^ 

4toT-9\zm<S\i->X'ifrXl®£Bl (PW 
M) PWMtfclfc&Ellfr 5 t, PWMift*# 

L ED? vyura*U#M&-*-*fB*8&6 fe*lSS#fC 

<>ra«l-C**. /<V3> 3«, »J«P3 atCRTSf 
»3 bfc*»«9)0r0. CRT$*»3 b(±, «6 4 0X« 
4 8 0 Kv hOBSSfcWL-O** (04) » C6or, - 
C R T*^«5 3 b ff>mm<0 1 / 4 



(4) 



1 0 6 2 6 4 



[0 0 11] LEDB#&I1H4, Ttn^RGBfi* 
t*¥R»!«^-SH tSara«i«*Sv fc*/tya>3 
^£>§»t, Kyh^ny^Ddot k7KU^f-*AD 
i tfS«7'-^D3i ttK^h-rh'^^t-yi-* 
MOi -MOn UtUfl-f 9, @B*J£i40 5 

UftlOf**. ^^f. Ky h^ny^Ddot <4, 
CRT^»3 bOH*» (6 4 0X4 8 0) UtfJcL 
fcSifcSc (*?2 9MHz) TNM, T KW^f-^AD 
i li, CRT«/T»3bO#H*iftfeta7KM« 10 
tt-C*£.-*£, PS«t'-^D3i tf, #«0»iE**? 

-A'MOi «#LED7>7'tt, ^OWjElfeOKWT*- 
*D3» U2lc?(/»T*jer$*L4o 44$, CR.tft^»3 
bOSSf&^e 4 0X4 8 0T*4W|:itLTv LED 
A- 2 OBBJfcgtt 3 2 0X2 4 0 W 
*^8l*"3fll*S*t4efSr'-^D3i OH, 1/ 

4Uf2tt?it4^tU5:4o 

[0 0 1 2] 05. B6U9-f9Q« W#8ttH4, K 20 

fe«-§-A/Dge&a5 9£, ffifll^KSefflJl 0t, ffi<*K 
B&tf 1 1 fc, BffJfftltjEBl 2 fc-C*J«S*iTW» 
*• 44*, 0 514, # (R) ffeov»TOW»*t 
^LttO1?*0, I.? (G) flW-t* (B) 

j£ffl5 7<4, MV^VS^'bTKTraWffl-^SH *ftlfCK. 
y h tr n y ^ Ddot *WA"*"*'P L L 0K"e* 0 , ftffl 

1 3 , ^^14, «ff«fl»»«fl 1 

5, 1 6U£oT«*£ivCv»* (0 JO 

6). o Kv Yiruy ?&jfttf7*6fi, tMFR 

»Jfg-?-SH i:n? ?2tUfc Ky h^Dy^Ddot 

tKyh^n-^Dd.i «3®JKgfefD (iNXfH 
T»2 9MHzt*S, 

[0013] TYV*T-9&mSUs 64 0Jt*-> 
8 a t 4 8 0ii*'>>*' 8 htfrhtt* (06) o 

6 4 omilfs* 8 a (4, *TR»I^Sh Ui.^t'J 
-fcy>£*l., Kyh^Dy^Ddot **">^h7y"/t 
ilUKT*)*), 0~6 3 9tfO7.KI'Xr-^tflS* 40 

-*<5o — 4 8 oat**:'* 8 bi±, bkhjmm-s 

v U-fcoTV-ty.hSfU ^VPIiMM-Sa h 
77yfi@K , C*'l, 0-4 7 9trW7Kl'^f- 
9%m?i-t2> B fe«^A/DgG»»9l4, /<vn>3>»» 
<b ffi^J 3 *t* r p ^fe«* ( CI CI "CI4 RAW Sr 8 b 

yh*Oy*Ddo« >tr*<A,Xt LTftffc-fr . 

4. ®*«H25t|Bi 014, Wfi.1fJ*-AVRO<g«C*t 

fi?L-c3 b i to«swfi«^Db.*m:*rf4@is-c* 

4 (05) o WfiE*') A-AVRIi. LEDS^^* 50 



B. ftB&Jf. LEDSE3f<*A'OG3»/09i<&$ 

uttifc l r l e d 7 > i&it 

4**, wi!E#«;jL-AVRicgex.riH4$tt3at8 
(*>*) 4ir*KitT<>fi<, ifc, ry>*«T 

[0 0 1 4] B»SBS»1 11*. Ky h^ny^D 
dot l=*ft-«'ri"f Bttl 7 fc, 7KV^f-^ADi 
K*H-ftri«rBBl 8fc, B#ffiB£ffl;**'/l 9* 
•CflMEStlTV** (05) . irWattl 7. 1814, 

yh^ny^Ddot tTKUxr-^ADi Ofrf-fSi 
«rae?«4|lIK-Ca>-&i -*-4fc*>, BBftBttflM* 

>> 1 9uft^$*t*BBr'-*'D 1 1 t, wm&m&m 

1 9*>feffi*S*t4ttjE^<0KW7 ! '-^D2i t 
OIBJKI4, &1 0 n S.SKO«F|BIWm (X*^-) 

-f-nt|B|i:aSl^lBJ«:-f l^fBKl 7. 1 
8i:ioT»«LTV»4. SffftWSEffl^* 1 ; 1 9»4, 
7KVXi«l 1 b i t (Ao ~Aio) , r'-^**8b i 
t . (Do ~ D7 )O8X2048bit (16kbi 
t) <0^*Ve*4o -f-LT, TttT Kl'^S b i t 
(Ao ~A7 ) UJ4fe«-f-A/Dgg«ffl5 9^f>OKlBr' 
-^Dli tfm&ZtiXto*). ±&7} f l'X3 b i t 

(As -a.o) wmizmist&.Mi o%i:frb<D»&n 

fi«-§-Db,75'ft^?*l.-CV»4„ ffioT, HffltBfiffl> 
1 914, #ftWfi«^DtrOttUJ:oT8ffl<0/<> 
^UE^S*t4it»r<fO (0 7) , oiD, #SWS 

[0 0 15] 07U;Tf;i»), BffSHfiffl>*y 1 9 
<0^^>^(-(i, ttiEttiSfcfSSI-*-* 2 .5 eaiXOT"- 
^*»E«?iirv>4o ^oMiEii[«U4, ±ffi^*'J/<> 

Db,***§vMIiriii*»ftWSfflj'* , J 1 9*»?>m*$ix 

4 0 -c-Lr. B«f-*D2i ogeffc«7j«*#v»»6-u 

J4, LEDSE^'**A'2O#JK<09!BIS | {>*§ <**0 
T, SIBj)5rirLEbS*''<^^'2 0B'J* , W*''»*^-U 

£-U14, 1tjE»<0KBf-^D2i OiEfKM^«w«c 
tJC^GtiO-C, «IBJftifLED^^*^2«)im)**® 
v>«£-uaLTv>&. 44}, 07-e<4. ffiffSWfiffl^ 

i 9*>rts**iff«iwu«i*o-r*»^«:ffln-^«ffc 

**, ^TiJr^UffiWKH-fllJPS-* (012) , VPfe 

[0 0 16.] ««:#K1|jE«5 1 2 14, <-feUov>T) 
3 2 0X24 OflOLED^V-^ffl^OltiKllftSt (i6 
S) <0/<?y**«fiE-*-*fc#U, KBr'-^D2i "C 



7 

8cZ-*t&7 1 77'i MilEfc-f *o -frL 

Kl/7f-yADi <r>£<r>7'l"(®&2 1 KWf- 
*D2i «>£<0r'H@&2 3 

'i22t, /7f<x> M§JE>*'J 2 4 fctMS/SS*. 
Tw»* (H5) o fl/'f@B2 3li, ffJfcim-r'- * > 
2 A*#«LT\ fStH7 r —9t>2 

1 tilSltS^-^*'; 2 2<9tt:7jf'-*D.....<oai 

ft 2 0 £7*1/481*2 1 t«i, >f7V<x-> YV&S.** 
V 2 40tU^jT»-^D3i fc, Kvh^ny^Ddot & 

<)WC**o 

[0 0 17J 2 2»*> #EflC<*>* 

2 «r#U£T* 2 4 0 X 3 2 OfflOL E D5 

(0, 0) - (2 3 9. 3 1 9) <f>T 
«$&ADi U**J6LTfE«Lfct *» LED7> 

•/Off J£#& »* , iS & «fc ■) #^*<0/< 5 y * ») log 
^m~^mctht\ |SI-<0^»*ff-CLED7>-/«: 

V/jW&fcSft, #56S*t^LED7>7 p <0«KWt7' 
-?D,...i , /5f<x> MtiE^^ 1 ; 2 4 0±tt7K 
U-Xfcf yh (Ae -Aio) KftffrSit*. 
[0 0 181 /5ffi> MtiE^V 2 4CIJ, KM 
r - 9 S *-*#« t fflM) AO g fcfi U *> *■*# 
*fc*— 08OJ:-)ft*iS^O8«« 

jEftiS 0 U— jfett* *«Mt* itUio Tflfeo»iEia«Sl 
( 1 - 7 ) * £ t j)*-C# *o J- > Mf 

IE** 1 ; 2 4<0±i£7 Kl^kT? h (As -A«°) 
«i ? »«tttf-?D..». tt*«r>-C, CO*¥JS 
#ttr'-^D.. B .(i/<>^««'e-^i: LTtStti"*. — 
2n Ttt7KMJ?7h (Ao -A? ) 
D2i jJ*«f&?ffCW>40T/#LED5 >7<0&Bt& 

Pf-#D2i UJ:0S«?S*».*FSWt'-^D3i a*ffi 

3 i Ht % LED^-rra^ongei&tttAHoajttftt 

i LfcPffWr'- * t **„ 
[0 0 191 09(4, y?f<i> h'ttjE^'J 2 4U 

4 2O(0LED5.>-/i:B«f-?D2i =1 0 0* f tt 
*frSftfc»#*3U.-Cw»i. 0 9O (a) 4>*frUI*« 
3ttLED?>V*>fltK j»'&w»<0T\ 
f-?D2i =l.0O*«^9r<Jt>mjES*i"CBWI 
f-?D3i =9 S^m^jSii*- — 09" (b) 



(5) 4*HW 8 - 1 0 6 2 6 4 

a 

^-^021 =1 0 07» f aW?*»-T^97'<x> UtiE 
BBIt'-5'D3i = 1 0 5a«tH#?*t*o CWJ: 
1C, #LED7>y<0#aifttU*tlDL-CK«7'-? 

7j«i8jE$ii4<o-e, fsnr-9 9 5 1 1 0 
* 2 o<*>led? -e-o#ai*tt«is»u«*>?> 
rratiwgfcfc*. 

[0 0 2 0 J JSLbMIL*: «t -7 1 
/<V3>oCRTfc^»3 aOfcBJg (6 4 0X4 8 
0) KWSLfcTKMf-^ADi fc, Sa^MiE** 
iO 3ftfc&0»«f'--*D3i ft2 9MHzOK? 

h^ny^Dd.t »cra«8LTW*?*t*„ fLT, 7 K 
U*V-*ADi i:iot, l«-*-*H* 
*V*-A>MOi t>*'MOKS7Kl'At*«aK? 
*tr. fifH7 ! '-^D3i**JB*l-g2tt$'ilTV»<. 
Y 4UgettS*utfffWf'-*D3i 14, /«JPXffKHB 
K5Utnx^*v-CPWMift4-^iSU &*£*ifcPWM 
&a*ffl#a86£^LT#LED7>7 , Utt&?it*. CI 
OJ:-5l-> /<y3>3fffSE?*ifcRGB7tn/ff 
<±, A/DgEftfc jtt&1|jE4*3*i&iEtt FV h «j 
20 ***->**-A'MOUim;L&*t*«0-C, SS'<**2U. 
li. CRTt$«3 a tWt* v-HBnd«^?*t*C: 

V'iOT, LED^^T'cOffftilftt^ftUJi^'feB 

[0 0 2 11 C£ifcfl2) JELh, 05U/^-rLEDW3fc 

ifHfcT'- 22,>5f^i> httiE^^'; 2 4 
^ROM-eii^iW^L/^ ^t'J 1 9, 2 

2, 2 4*RAMfr£"C«JRU -f-OEfSrtS^at** 

»J 1 9. 2 2. 2 4*RAM4:»j£L;t3gifee»*^L'C 

3. RAMr-^fHUB/«V3>3 0, XlFTV^jt^ 
3 l<D«aB8«*0^LTV»*. RAM-f-^ffcRffl'* 
V3>3 0tl, TV*> 9 3 1 rt»«b<0*I-E-»-3£cfv»-aW 

!E#ttf'-^j«*';2 2IUB8T*. tJt, ^f^a? 

9tr*7r<x.> htijE^« i ; 2 4U«Eiisi-*i:*u, 

^<ons»l¥IE1-*. 0 1 l«i> 04Sn&ffl>"e^ 1 
9 1<07- >7T-f /U*4fcjE-*-*B$0/<V n >H® «r@ 
^L^t<o-e**» /<V3>lli:tt, rS^WKJ fli 
3 2 * r R G BffSWSLl ffl 3 3 ft f *** •) t«> x * - 

[0 0 2 21 r«*WKJ « 3 2 «i. 2 
> h M»fi<oa«-ffl«'»*fll"P**o RAM7"-^'flS 
ttlfl/t •> a > 3 0 ^ft^Pfi*- KUWS Ltztit. (m 
50 *?J ffl)3 2 bOVt*t+- | l'- KltflffttlCioT 
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tznatvum r-?it. m*> i awe 

K*HS L T^H' < * * 2 m h $ * ^ * * & ■ 
fi«i§BT**o Or*, r#JB*|jE/<^ >J«3 2cO 
gt^li, 07*>1»IEffliSW>#^**LTiJ»K COAT 

01 2O«iJU8l»b<0«Sa>f>«3> h5X M!&«a^» 

m&tffzT-ttilS . ■?W#-y*3 4t TK5e8B«J 
fl|.3 2 dOttfltKMI*-*?, SSIS^T'-^*-*^^ 

^Wfi«3 2-e^1HS<i, * (R) Mk (G) # (B) * 
B— Wt-Slfit"* <> 0*e*> »> , ^--fegilOttJEffigW^B— 

[0 0 2 3] itlt-JtLT, TRGBfilSMfiJ «3 3 

<0«-C*4. RAMf-*»<V3>3 0* TRG 
B#«W£J «*- KURftLfcH, rW*3J «3 3 
r 3 3o 3 3b OWi*-*- KHft*ifi;l:o-C 
gC-ftS-tir-S t, S«?$ttfc-feUov»TO»jEft» (0 
7) <r)«|ff!6*|g^t-f*i'7T'-^**^jE** t *<» i0 * 
^•t, My3>3 0t?f^«3ftfcffftPSffl^'"-^ ,± » 

4<o-e, /<ya>3 o-eo»fti-Jtfi>Lr^^^^2 

MT, -7^x*-yA-3 4t rtastKttJ «3 2 &<r>&m. 
U^lftSHirT, PSftOf - ^ U i o Tlff«P$ffl« 
7- 9 7 r 4 ;K0rt#*Hfrf *«> 
[0 0 2 4] &V»t\ ffJK^it^ :- 9 7 7 4 *aflsA3T 

LT, A/D^16«<r)RGB«-?-**fRrOttjE<»?*t4C 
ifff Sir'-* Di i: L•riH^^^^».*^fcS8^- 
tS:5e■**o MWWffl'tVaS'SIC*— fe<*>B 
ffl£f&£U ^ffjei'^*'W*il6R«-^****-**o 
<0HmR«^-«, A/DSMftSJtfcl^ fa^tUE* S*. 
fcv*-e Ky h-v h ^^*->' — ^MOUtDx 6*1-4 0> 
•C, $f/<**2(:li#LED?>y (#) o#«$Ht 

ttSgUgve, TV* > 7 3 1 tit, 2 Wiffl 

*tfH&L-T>»4$>"t\ RAM-f-*ftiftSi/<vri> 3 0 

ttif- 9 7 r * uses l-c*> < o 



#H¥8- 1 0 6 2 6 4 
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[0 0 2 5] «v>T, B^ft^S'*'' 3 > 3 U*&-fe*> 
BB*ffc«U 3fJgP^iKOa6iJIG«^ itiDZ-t A. 

7 3 l?)»e><0«l-fe»-OV»T<0*fft©#*»-*ft-C, # 

OHB<r*^S-*T, RAMr'-*ffrftffl'< 
ya>3 0i:J:oT*lffLt, jWfiltter'- * 7 r * * 

9 7 t 4 *©f-?li, -f 5 > ^■C»JK#tt7' 

fc, =Sfe<OLED«rfe45U|Bl^tc.ftitr?-efc**> fx. 
If> «StfeOLEDSr— fflro.ftiEr?-*, -f-O^U»fe«5 
LED«r-HHro.^rJtr$*, SUWfeOL ED«:-HH-f 

ED7>-r«-ra^«carjcr?*, «-led9>t*oiw«:# 
& r- 97 r 4 a t •= tr t"Ak». 

20 [0 0 2 6] 

[iaBottm^K^] 

[la i] ^m\~%hVi%^m.tm<omm.t(r)^mi% 

[03] 3^/1*^Ofl|««r«l&fi«»U0^l-3t<>«T* 
4. 

[H4] ^/T^*t/<y3>OS!fi®k»*S ?H 

[05] 01U^-TPI3fcilfi«>l*3»7' D *''^H"^**« 
[06] H5 0-»t#»UBI*L.fc7' D ? ^0-C* 

[07] #ffiWfiEffl^ ; e«;of*jSS:«li&W»-07nL^:<> 

[08] r^-f UliE^^VOrt^^B^Lfct 

[09] /5ffi^ H§jE>* , /^»f^l*3**t f l^ 

[010] PifcKaatK^/^^t, ®(ftffrSffl'<v 
RAMT'-^f^»35ffl'' < V3>t, TViJji&t 

[01 1] RAM^-^f&Sfll'tvaVOBBSrWJFb 
[012] WeWfiffl^^'J^S^H?^**^* 



-6- 



(7) 



1 0 6 2 6 4 
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101 3] V-J Ytru-j T h'U7>7-9* H«f- 
[Ell 4 J Kv h *x*v*-.m::ov>t\ 86* 

<n ®&fn i mm u t <o * . 

1 H%£ff 

2 ^x*^ 

3 /<V3> mis&j&&&) 

1 9 if*WfiEJIM*'J (i5#*Wfiffl» 
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